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277Université	Pierre-et-Marie-Curie,	Paris,	France
278Institute	of	Ecology	and	Environmental	Sciences,	Paris,	France
279INRA,	UR	406	Abeilles	et	Environnement,	Avignon,	France
280Department	of	Biology,	San	Francisco	State	University,	San	Francisco,	CA,	USA
281Laboratoire	de	diagnostic	en	phytoprotection,	Ministère	de	l’agriculture,	des	pêcheries	et	de	l’alimentation	du	Québec,	Ville	de	Québec,	QC,	Canada
282Research	Unit	Terrestrial	Ecology,	Ghent	University,	Ghent,	Belgium
283Laboratorio	de	Recursos	Agroforestales,	Centro	Austral	de	Investigaciones	Científicas	(CADIC),	Consejo	Nacional	de	Investigaciones	Científicas	y	Técnicas	
(CONICET),	Ushuaia,	Argentina
284School	of	Biosciences,	University	of	Melbourne,	Parkville,	Vic.,	Australia
285Purchase	College	(State	University	of	New	York),	Purchase,	NY,	USA
286Institute	of	Applied	Ecology,	Chinese	Academy	of	Sciences,	Shenyang,	China
287School	of	Biological	Sciences,	University	of	Canterbury,	Christchurch,	New	Zealand
288The	James	Hutton	Institute,	Aberdeen,	UK
289College	of	Resources	and	Environmental	Sciences,	China	Agricultural	University,	Beijing,	China
290Carste	Ciência	e	Meio	Ambiente,	Floresta,	Belo	Horizonte,	Brazil
291TEHO	Laboratory,	Institiute	of	Biology,	University	of	Antioquia,	Medellín,	Colombia
292International	Center	for	Agricultural	Research	in	the	Dry	Areas	(ICARDA),	Amman	Office,	Amman,	Jordan
293Animal	and	Rangeland	Sciences	Department,	Oregon	State	University,	Corvallis,	OR,	USA
294Department	of	Agroecology,	Flakkebjerg	Research	Centre,	Aarhus	University,	Slagelse,	Denmark
295Department	of	Agroforestry	Technology	and	Science	and	Genetics,	School	of	Advanced	Agricultural	Engineering,	Castilla	La	Mancha	University,	Albacete,	Spain
296Unidad	Académica	de	Turismo,	Coordinación	de	Investigación	y	Posgrado,	Universidad	Autónoma	de	Nayarit,	Tepic,	Mexico
297Centro	de	Investigaciones	Tropicales,	Universidad	Veracruzana,	Xalapa,	Mexico
298Graduate	School	of	Agricultural	Science,	Kobe	University,	Kobe,	Japan
299Department	of	Ecology,	University	of	Debrecen,	Debrecen,	Hungary
300Center	for	Conservation	Innovation,	San	Jose	Tagaytay	City,	Philippines
301Biology	Department,	De	La	Salle	University,	Manila,	Philippines
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302The	New	Zealand	Institute	for	Plant	&	Food	Research	Limited,	Auckland,	New	Zealand
303National	Museums	of	Kenya,	Nairobi,	Kenya
304Center	for	Macroecology,	Evolution	and	Climate,	Natural	History	Museum	of	Denmark,	University	of	Copenhagen,	Copenhagen	Ø,	Denmark
305Red	de	Biología	y	Conservación	de	Vertebrados,	Instituto	de	Ecología	A.C.,	Xalapa,	Mexico
306Department	of	Geography,	University	of	Bergen,	Bergen,	Norway
307Department	of	Geography,	University	of	Wisconsin-Madison,	Madison,	WI,	USA
308School	of	Biology,	University	of	Leeds,	Leeds,	West	Yorkshire,	UK
309Marshall	Agroecology	Ltd,	Barton,	Winscombe,	UK
310Universidad	Nacional	de	Colombia,	Ciudad	Universitaria,	Bogotá,	Colombia
311Basque	Centre	for	Climate	Change	–	BC3,	Bilbao,	Spain
312School	of	Biological	Sciences,	The	University	of	Queensland,	Brisbane,	Qld,	Australia
313Associate	of	Arts	Program,	University	of	Delaware	–	Wilmington,	Wilmington,	DE,	USA
314Department	of	Entomology	and	Wildlife	Ecology,	University	of	Delaware,	Newark,	DE,	USA
315Department	of	Entomology,	University	of	California,	Riverside,	CA,	USA
316Centre	for	Mined	Land	Rehabilitation,	The	University	of	Queensland,	Brisbane,	Qld,	Australia
317Departamento	de	Biogeografía	y	Cambio	Global,	Museo	Nacional	de	Ciencias	Naturales	(CSIC),	Madrid,	Spain
318Ecology	and	Evolutionary	Biology,	University	of	Connecticut,	Storrs,	CT,	USA
319Museo	de	Historia	Natural	“Vera	Alleman	Haeghebaert”,	Universidad	Ricardo	Palma,	Lima	33,	Peru
320Centro	Iberoamericano	de	la	Biodiversidad	(CIBIO),	Universidad	de	Alicante,	Alicante,	Spain
321Department	of	Ecology,	Swedish	University	of	Agricultural	Sciences,	Grimsö	Wildlife	Research	Station,	Riddarhyttan,	Sweden
322Rainforest	Alliance,	New	York,	NY,	USA
323Department	of	Natural	Resources,	Cornell	University,	Ithaca,	NY,	USA
324Department	of	Natural	Resources	&	Environmental	Sciences,	University	of	Illinois,	Urbana,	IL,	USA
325Universidad	Industrial	de	Santander,	Bucaramanga,	Colombia
326School	of	Plant	Biology,	University	of	Western	Australia,	Crawley,	WA,	Australia
327Lab.	Ecotono,	INIBIOMA	(Universidad	Nacional	del	Comahue-CONICET),	Bariloche,	Argentina
328Botany	Department,	National	Museums	of	Kenya,	Nairobi,	Kenya
329Department	of	Wildlife	Management,	University	of	Eldoret,	Eldoret,	Kenya
330Department	of	Biology	and	Ecology,	Faculty	of	Sciences,	University	of	Novi	Sad,	Novi	Sad,	Serbia
331School	of	Biological	Sciences,	Universiti	Sains	Malaysia,	Penang,	Malaysia
332El	Colegio	de	la	Frontera	Sur,	Ecología	Evolutiva	y	Conservación,	San	Cristóbal	de	las	Casas,	Mexico
333Nature	Kenya,	Nairobi,	Kenya
334WWF,	Washington,	DC,	USA
335Independent	Research	Scholar,	New	Delhi,	India
336Avian	Diversity	and	Bioacoustic	Lab,	Department	of	Zoology,	Gurukula	Kangri	University,	Haridwar,	India
337Graduate	School	of	Bioagricultural	Sciences,	Nagoya	University,	Nagoya,	Japan
338Key	Laboratory	of	Tropical	Forest	Ecology,	Xishuangbanna	Tropical	Botanical	Garden,	Chinese	Academy	of	Sciences,	Menglun,	China
339Environmental	Futures	Research	Institute,	and	Griffith	School	of	Environment,	Griffith	University,	Nathan,	Brisbane,	Qld,	Australia
340College	of	Bioresource	Science,	Nihon	University,	Fujisawa,	Japan
341Forestry	and	Forest	Products	Research	Institute,	Tsukuba,	Japan
342Laboratorio	de	Investigaciones	en	Abejas	(Departamento	de	Biología),	Universidad	Nacional	de	Colombia,	Bogotá,	Colombia
343Laboratorio	de	Información	Geográfica,	El	Colegio	de	la	Frontera	Sur	(ECOSUR),	San	Cristóbal	de	las	Casas,	Mexico
344CMRPZ	–	I.E.	Plaza	Bonita,	San	Andrés	de	Sotavento	(Córdoba),	Colombia
345BirdLife	International	–	Africa	Partnership	Secretariat,	Nairobi,	Kenya
346Ornithology	Section,	National	Museums	of	Kenya,	Nairobi,	Kenya
347Department	of	Zoology,	University	of	British	Columbia,	Vancouver,	BC,	Canada
348Institut	de	Systématique,	Évolution,	Biodiversité,	ISYEB	–	UMR	7205	–	CNRS,	MNHN,	UPMC,	EPHE,	Muséum	national	d’Histoire	naturelle,	Sorbonne	Universités,	
Paris,	France
349Department	of	Biology/Biodiversity,	Lund	University,	Lund,	Sweden
350Department	of	Biosciences,	University	of	Helsinki,	Helsinki,	Finland
351Department	of	Environmental	Sciences,	University	of	Helsinki,	Helsinki,	Finland
12  |     HUDSON et al.
352School	of	Biology,	The	University	of	Nottingham,	University	Park,	Nottingham,	UK
353Laboratorio	de	Zoología	y	Ecología	Acuática	–	LAZOEA,	Universidad	de	Los	Andes,	Bogotá,	Colombia
354School	of	Forestry,	University	of	Canterbury,	Christchurch,	New	Zealand
355BIO-Diverse,	Bonn,	Germany
356Department	of	Wildlife,	Fish	and	Conservation	Biology,	University	of	California,	Davis,	Davis,	CA,	USA
357IUCN-Centre	for	Mediterranean	Cooperation,	Campanillas,	Málaga,	Spain
358Oxford	University	Centre	for	the	Environment,	University	of	Oxford,	Oxford,	UK
359Natural	Resources	and	the	Environment,	CSIR,	Stellenbosch,	South	Africa
360Plant	Conservation	Unit,	Biological	Sciences,	University	of	Cape	Town,	Rondebosch,	South	Africa
361International	Programme	Office	(IPO),	Vice	Chancellor’s	Office,	Kwame	Nkrumah	University	of	Science	and	Technology	(KNUST),	Kumasi,	Ghana
362Naturschutz	–	Planung	und	Beratung,	Wiesendangen,	Switzerland
363Department	of	Wildlife	and	Range	Management,	Kwame	Nkrumah	University	of	Science	and	Technology,	Kumasi,	Ghana
364Forestry	Research	Institute	of	Ghana,	Kumasi,	Ghana
365Department	of	Animal	&	Environmental	Biology,	University	of	Benin,	Benin	City,	Nigeria
366Department	of	Genetics,	Evolution	and	Environment,	University	College	London,	London,	UK
367The	Royal	Society	for	the	Protection	of	Birds	(RSPB),	Sandy,	Bedfordshire,	UK
368Laboratorio	de	Ecología	del	Paisaje,	Facultad	de	Ciencias	Forestales,	Universidad	de	Concepción,	Concepción,	Chile
369Indian	Institute	of	Science,	Bangalore,	India
370Laboratorio	Ecotono,	CONICET–INIBIOMA,	Universidad	Nacional	del	Comahue,	Bariloche,	Argentina
371Laboratorio	de	Investigaciones	en	Abejas,	LABUN,	Universidad	Nacional	de	Colombia,	Bogotá	D.C.,	Colombia
372Lancaster	Environment	Centre,	Lancaster	University,	Lancaster,	UK
373Universidade	Federal	do	Pará	(UFPA),	Núcleo	de	Altos	Estudos	Amazonicos	(NAEA),	Belém,	Brazil
374German	Centre	for	Integrative	Biodiversity	Research	(iDiv),	Halle-Jena-Leipzig,	Leipzig,	Germany
375Department	of	Plant	Biology	and	Ecology,	Faculty	of	Science	and	Technology,	University	of	the	Basque	Country,	Leioa,	Spain
376IKERBASQUE.	Basque	Foundation	for	Science,	Bilbao,	Spain
377Instituto	de	Diversidad	y	Ecología	Animal	(IDEA,	CONICET-UNC)	and	Centro	de	Zoología	Aplicada,	FCEFyN,	Universidad	Nacional	de	Córdoba,	Córdoba,	
Argentina
378IRD,	UMR	AMAP,	TA	A51/PS2,	Montpellier	cedex	05,	France
379French	Institute	of	Pondicherry,	UMIFRE	21	CNRS-MAEE,	Puducherry,	India
380School	of	Environmental	Sciences,	University	of	East	Anglia,	Norwich,	UK
381National	Institute	of	Agricultural	Technology	(INTA),	Río	Gallegos,	Argentina
382National	University	of	Southern	Patagonia	(UNPA),	Río	Gallegos,	Argentina
383National	Commission	of	Scientist	Research	and	Technology	(CONICET),	Buenos	Aires,	Argentina
384Laboratory	of	Biogeography	&	Ecology,	Department	of	Geography,	University	of	the	Aegean,	Mytilene,	Greece
385Department	of	Animal	Ecology	and	Tropical	Biology,	Biocenter,	University	of	Würzburg,	Würzburg,	Germany
386University	of	Cambridge,	Cambridge,	UK
387Conservation	Science	Group,	Department	of	Zoology,	University	of	Cambridge,	Cambridge,	UK
388Systematics	and	Evolution	Laboratory,	Department	of	Biology,	Western	Kentucky	University,	Bowling	Green,	KY,	USA
389Department	of	Natural	Resource	Ecology	and	Management,	Iowa	State	University,	Ames,	IA,	USA
390Facultad	de	Recursos	Naturales,	Escuela	de	Ciencias	Ambientales,	Laboratorio	de	Planificación	Territorial,	Universidad	Católica	de	Temuco,	Temuco,	Chile
391Biología	y	Conservación	de	Vertebrados,	Instituto	de	Ecología	A.C.,	El	Haya,	Xalapa,	Mexico
392Universitat	Autònoma	de	Barcelona,	Cerdanyola	del	Vallès,	Spain
393Laboratorio	de	Entomología	Ecológica,	Departamento	de	Biología,	Facultad	de	Ciencias,	Universidad	de	La	Serena,	La	Serena,	Chile
394Albertine	Rift	Program,	Wildlife	Conservation	Society,	Kampala,	Uganda
395IFEVA/Cátedra	de	Producción	Vegetal,	Departamento	de	Producción	Vegetal,	Facultad	de	Agronomía,	Universidad	de	Buenos	Aires/CONICET.,	Buenos	Aires,	
Argentina
396Directora	del	Programa	Conservación	de	Biodiversidad	en	Bosques	Subtropicales,	Cátedra	de	Desarrollo	Sustentable	y	Biodiversidad,	Facultad	de	Ciencias	
Agrarias,	Universidad	Nacional	de	Jujuy,	CIT-Jujuy	CONICET,	Fundaciòn	CEBio,	San	Salvador	de	Jujuy,	Argentina
397Departament	de	Ciències	Ambientals,	Universitat	de	Girona,	Girona,	Spain
398Entomology,	Cornell	University,	Ithaca,	NY,	USA
399Botany,	School	of	Natural	Sciences,	Trinity	College	Dublin,	Dublin	2,	Ireland
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400Center	for	Environmental	Sciences	and	Engineering	&	Department	of	Ecology	and	Evolutionary	Biology,	University	of	Connecticut,	Storrs,	CT,	USA
401MARETEC,	Instituto	Superior	Técnico,	Universidade	de	Lisboa,	Lisbon,	Portugal
402CREA-ABP,	Consiglio	per	la	ricerca	in	agricoltura	e	l’analisi	dell’economia	agraria,	Centro	di	ricerca	per	l’agrobiologia	e	la	pedologia,	Firenze,	Italy
403Ecosystem	Management,	School	of	Environment	and	Rural	Science,	University	of	New	England,	Armidale,	NSW,	Australia
404Escuela	de	Biología,	Universidad	Industrial	de	Santander,	Bucaramanga,	Colombia
405National	Center	for	Ecological	Analysis	and	Synthesis,	University	of	California,	Santa	Barbara,	Santa	Barbara,	CA,	USA
406Department	of	Bioscience,	Aarhus	University,	Aarhus	C,	Denmark
407The	Royal	Society	for	the	Protection	of	Birds	(RSPB),	Edinburgh	Park,	Edinburgh,	UK
408Center	for	Conservation	and	Sustainable	Development,	Missouri	Botanical	Garden,	Saint	Louis,	MO,	USA
409Departamento	de	Biologia,	Universidade	Federal	de	Sergipe,	São	Cristóvão/Se,	Brazil
410Life	Sciences	Department,	University	of	Alcala,	Alcalá	de	Henares,	Spain
411Entomology	Colletion,	Systematics	and	Biogeography	Laboratory,	School	of	Biology,	Industrial	University	of	Santander,	Bucaramanga,	Colombia
412Percy	FitzPatrick	Institute	of	African	Ornithology,	DST/NRF	Centre	of	Excellence,	University	of	Cape	Town,	Rondebosch,	Cape	Town,	South	Africa
413School	of	Animal,	Plant	and	Environmental	Sciences,	University	of	the	Witwatersrand,	Wits,	South	Africa
414Centro	de	Ciências	Biológicas	e	da	Saúde,	Universidade	Federal	de	Mato	Grosso	do	Sul,	Campo	Grande,	Brazil
415Department	of	Biological	Sciences,	Brock	University,	St.	Catharines,	ON,	Canada
416Edinburgh,	UK
417Luquillo	LTER,	Institute	for	Tropical	Ecosystem	Studies,	College	of	Natural	Sciences,	University	of	Puerto	Rico	at	Rio	Piedras,	San	Juan,	PR,	USA
418Escuela	Nacional	de	Estudios	Superiores,	Universidad	Nacional	Autónoma	de	México,	Morelia,	Mexico
419Science	and	Conservation	Division,	Department	of	Parks	and	Wildlife,	Manjimup,	WA,	Australia
420PROPLAME-PRHIDEB-CONICET,	Departamento	de	Biodiversidad	y	Biología	Experimental,	Facultad	de	Ciencias	Exactas	y	Naturales,	Universidad	de	Buenos	
Aires,	Ciudad	Universitaria,	(CP1428EHA)	Ciudad	Autónoma	de	Buenos	Aires,	Argentina
421ECT	Oekotoxikologie	GmbH,	Flörsheim	am	Main,	Germany
422LOEWE	Biodiversity	and	Climate	Research	Centre	BiK-F,	Frankfurt/Main,	Germany
423Facultad	de	Ciencias	Ambientales,	Universidad	de	Ciencias	Aplicadas	y	Ambientales	U.D.C.A,	Bogotá,	Colombia
424Catedras	CONACYT,	CIIDIR,	Unidad	Oaxaca,	IPN,	Santa	Cruz	Xoxocotlán,	Mexico
425Universidad	de	Ciencias	Aplicadas	y	Ambientales	U.D.C.A.,	Bogotá,	Colombia
426School	of	Natural	Resources	and	Environment,	University	of	Michigan,	Ann	Arbor,	MI,	USA
427Department	of	Environmental	Sciences,	University	of	Virginia,	Charlottesville,	VA,	USA
428Blandy	Experimental	Farm,	Boyce,	VA,	USA
429Département	des	sciences	biologiques	(SB),	Universitédu	Québec	à	Montréal	(UQÀM),	Montréal,	QC,	Canada
430Facultad	de	Ciencias,	Universidad	de	Chile,	Santiago,	Chile
431School	of	Geography,	Earth	and	Environmental	Sciences,	University	of	Birmingham,	Birmingham,	UK
432Institute	of	Silviculture	and	Forest	Protection,	University	of	West	Hungary,	Sopron,	Hungary
433Red	de	Ecología	Funcional,	Instituto	de	Ecología	A.C.	Carretera	antigua	a	Coatepec,	El	Haya,	Xalapa,	Mexico
434Biology	Centre	CAS,	Institute	of	Entomology,	Ceske	Budejovice,	Czech	Republic
435Faculty	of	Science,	University	of	South	Bohemia,	Ceske	Budejovice,	Czech	Republic
436Bishop’s	University,	Sherbrooke,	QC,	Canada
437CSIRO,	Dutton	Park,	Qld,	Australia
438Naturalis	Biodiversity	Center,	CR	Leiden,	The	Netherlands
439Institute	for	Tropical	Biology	and	Conservation,	Universiti	Malaysia	Sabah,	Jalan	UMS,	Kota	Kinabalu,	Malaysia
440Biocentre	Klein	Flottbek	&	Botanical	Garden,	University	of	Hamburg,	Hamburg,	Germany
441Center	for	Development	Research	(ZEF),	University	of	Bonn,	Bonn,	Germany
442Chair	for	Landscape	Management,	University	of	Freiburg,	Freiburg,	Germany
443AgResearch	Limited,	Lincoln	Research	Centre,	Christchurch,	New	Zealand
444Institute	for	Ecology,	Evolution	and	Diversity,	Goethe	University	Frankfurt,	Frankfurt	am	Main,	Germany
445Biology	and	Biomedical	Sciences	Division,	University	of	Brighton,	Brighton,	UK
446Charles	Darwin	University,	Brinkin,	NT,	Australia
447Lawrence	University,	Appleton,	WI,	USA
448School	of	Natural	Resources	and	Extension,	University	of	Alaska	Fairbanks,	Fairbanks,	AK,	USA
449Center	for	Ecology,	Development	and	Research,	Dehradun,	India
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450School	of	Life	Sciences,	University	of	KwaZulu-Natal,	Durban,	South	Africa
451Department	of	Ecology	and	Natural	Resource	Management	(INA),	Norwegian	University	of	Life	Sciences	(NMBU),	Ås,	Norway
452Museum	of	Natural	Science	and	Department	of	Biological	Sciences,	Louisiana	State	University,	Baton	Rouge,	LA,	USA
453Baton	Rouge,	LA,	USA
454Department	of	Life	Sciences,	Ben-Gurion	University	of	the	Negev,	Be’er	Sheva,	Israel
455The	Yerucham	Center	of	Ornithology	and	Ecology,	Yerucham,	Israel
456Instituto	de	Ciências	Biológicas,	Universidade	Federal	do	Pará,	Belém,	Brazil
457Organic	Research	Centre,	Elm	Farm,	Newbury,	UK
458United	States	Department	of	Agriculture,	South	San	Francisco,	CA,	USA
459Universidad	Nacional	de	Colombia,	Sede	Medellin,	Medellin,	Colombia
460Department	of	Biological	Sciences,	National	University	of	Singapore,	Singapore,	Singapore
461Ecología	de	Comunidades	Ãridas	y	Semiaridas	(EComAS),	Departamento	de	Recursos,	Facultad	de	Ciencias	Exactas	y	Naturales,	UNLPam.,	Santa	rosa,	La	Pampa,	
Uruguay
462Gobierno	Autónomo	Departamental	Santa	Cruz,	Santa	Cruz	de	la	Sierra,	Bolivia
463Université	du	Québec	à	Rimouski,	Centre	for	Northern	Research,	Centre	for	Forest	Studies,	Rimouski,	QC,	Canada
464School	of	Environmental	Studies,	University	of	Victoria,	Victoria,	BC,	Canada
465Museu	de	Ciències	Naturals	de	Granollers,	Granollers,	Barcelona,	Spain
466School	of	Renewable	Natural	Resources,	Louisiana	State	University	Agricultural	Center,	Baton	Rouge,	LA,	USA
467Biological	Dynamics	of	Forest	Fragments	Project,	Instituto	Nacional	de	Pesquisas	da	Amazônia,	Manaus,	Brazil
468Department	of	Natural	Resources	and	Environmental	Management,	University	of	Hawaii,	Manoa,	Honolulu,	HI,	USA
469Key	Laboratory	of	Zoological	Systematics	and	Evolution,	Institute	of	Zoology,	Chinese	Academy	of	Sciences,	Chaoyang	District,	Beijing,	China
470State	Key	Laboratory	of	Urban	and	Regional	Ecology,	Research	Center	for	Eco-Environmental	Sciences,	Chinese	Academy	of	Sciences,	Haidian	District,	Beijing,	
China
471Institute	of	Zoology,	University	of	Natural	Resources	and	Life	Sciences,	Vienna,	Austria
472Department	of	Environmental	Science	and	Policy,	Drake	University,	Des	Moines,	IA,	USA
473Department	of	Biology,	Hong	Kong	Baptist	University,	Kowloon	Tong,	Hong	Kong	SAR,	China
474Zoological	Division,	Research	Center	For	Biology,	The	Indonesian	Institute	of	Sciences,	Cibinong,	Bogor,	Indonesia
475Section	for	Ecoinformatics	&	Biodiversity,	Department	of	Bioscience,	Aarhus	University,	Aarhus	C,	Denmark
476Department	of	Zoology,	Institute	of	Ecology	and	Earth	Sciences,	University	of	Tartu,	Tartu,	Estonia
477School	of	Ecosystem	and	Forest	Science,	Faculty	of	Science,	The	University	of	Melbourne,	Richmond,	Vic.,	Australia
478Department	of	Biology,	Saint	Louis	University,	St.	Louis,	MO,	USA
479MTA-DE	Biodiversity	and	Ecosystem	Services	Research	Group,	Debrecen,	Hungary
480Insect	Ecology	Group,	Department	of	Zoology,	University	of	Cambridge,	Cambridge,	UK
481Centre	for	Integrative	Ecology,	School	of	Biological	Sciences,	University	of	Canterbury,	Christchurch,	New	Zealand
482Instituto	Neotropical:	Pesquisa	e	Conservação,	Curitiba,	Brazil
483Department	of	Ecology	and	Territory,	School	of	Environmental	and	Rural	Studies,	Pontificia	Universidad	Javeriana,	Bogota,	Colombia
484Naturhistorisches	Museum	Basel,	Leiter	Biowissenschaften,	Basel,	Switzerland
485NERC	Centre	for	Ecology	&	Hydrology,	Bush	Estate,	Penicuik,	Edinburgh,	UK
486Instituto	de	Biologia,	Universidade	Federal	de	Uberlândia	(UFU),	Uberlândia,	Brazil
487Institute	of	Biodiversity	and	Ecosystem	Research,	Bulgarian	Academy	of	Science,	Sofia,	Bulgaria
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Abstract
The	PREDICTS	project—Projecting	Responses	of	Ecological	Diversity	In	Changing	
Terrestrial	 Systems	 (www.predicts.org.uk)—has	 collated	 from	published	 studies	 a	
large,	 reasonably	 representative	 database	 of	 comparable	 samples	 of	 biodiversity	
from	multiple	sites	that	differ	in	the	nature	or	intensity	of	human	impacts	relating	to	
land	use.	We	have	used	this	evidence	base	to	develop	global	and	regional	statistical	
models	 of	 how	 local	 biodiversity	 responds	 to	 these	measures.	We	 describe	 and	
make	freely	available	this	2016	release	of	the	database,	containing	more	than	3.2	
million	 records	 sampled	 at	 over	 26,000	 locations	 and	 representing	 over	 47,000	
species.	We	outline	how	the	database	can	help	in	answering	a	range	of	questions	in	
ecology	and	conservation	biology.	To	our	knowledge,	this	is	the	largest	and	most	
geographically	and	taxonomically	representative	database	of	spatial	comparisons	of	
biodiversity	 that	 has	 been	 collated	 to	 date;	 it	 will	 be	 useful	 to	 researchers	 and	
international	 efforts	 wishing	 to	 model	 and	 understand	 the	 global	 status	 of	
biodiversity.
K E Y W O R D S
data	sharing,	global	biodiversity	modeling,	global	change,	habitat	destruction,	land	use
1  | INTRODUCTION
Many	 indicators	 are	 available	 for	 tracking	 the	 state	 of	 biodiversity	
through	time,	 for	example,	 in	order	 to	assess	progress	 toward	goals	
such	as	 the	Convention	on	Biological	Diversity’s	2010	target	or	 the	
newer	Aichi	Biodiversity	Targets	(Pereira	et	al.,	2013;	Tittensor	et	al.,	
2014).	Most	of	 the	available	 indicators	are	 taxonomically	or	ecolog-
ically	 narrow	 in	 scope,	 and	many	 are	 based	 on	 the	 global	 status	 of	
species	(e.g.,	Butchart	et	al.,	2010;	Tittensor	et	al.,	2014),	because	of	
the	finality	of	extinction.	However,	using	a	more	representative	set	of	
taxa	and	considering	local	biodiversity	offers	several	advantages.	First,	
average	responses	of	species	to	human	impacts	typically	vary	among	
higher	 taxa	 and	 ecological	 guilds	 (Lawton	 et	al.,	 1998;	 McKinney,	
1997;	Newbold	et	al.,	2014;	WWF	International,	2014),	meaning	that	
indicators	need	to	be	broadly	based	and	as	representative	as	possible,	
if	they	are	to	be	used	as	proxies	for	biodiversity	as	a	whole.	Second,	
the	taxa	for	which	most	data	on	trends	are	available	(typically,	char-
ismatic	groups	 such	as	birds	or	butterflies)	 are	not	always	 the	most	
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important	 for	 the	continued	functioning	of	ecosystems	and	delivery	
of	 ecosystem	 services	 (Norris,	 2012).	 Third,	 although	 many	 of	 the	
ultimate	drivers	behind	biodiversity	loss	are	global,	the	most	import-
ant	pressure	mechanisms	usually	act	much	more	locally	(Brook,	Ellis,	
Perring,	 Mackay,	 &	 Blomqvist,	 2013).	 Fourth,	 most	 ecosystem	 ser-
vices	and	their	underpinning	processes	are	mediated	by	 local	 rather	
than	 global	 biodiversity	 (Cardinale	 et	al.,	 2012;	 Grime,	 1998):	 It	 is	
local	 rather	than	global	 functional	diversity,	 for	example,	 that	deter-
mines	how	ecosystems	function	in	a	given	set	of	conditions	(Steffen	
et	al.,	 2015).	 Finally,	 presence/absence	and	especially	 abundance	of	
species	at	a	site	respond	more	rapidly	to	disturbance	than	extent	of	
geographic	 distribution	 or	 global/national	 extinction	 risk	 (Balmford,	
Green,	&	Jenkins,	2003;	Collen	et	al.,	2009;	Hull,	Darroch,	&	Erwin,	
2015),	so	 local	changes	are	 likely	to	be	detected	before	 large	global	
changes	or	extinction.
For	these	reasons,	there	is	a	need	to	model	the	response	of	local	
biodiversity	 to	 human	 pressures	 and,	 thus,	 to	 estimate	 biodiversity	
changes	at	local	scales,	but	across	a	wide	spatial	domain	(ideally	glob-
ally)	and	for	a	wide	range	of	taxa.	We	therefore	need	comparable	high-	
quality	data	on	local	biodiversity	at	different	levels	of	human	pressure,	
from	many	different	taxa	and	regions.	At	present,	spatial	comparisons	
of	how	biodiversity	responds	to	variation	in	pressures	provide	the	only	
feasible	way	to	collate	a	large,	globally	representative	evidence	base	
and	to	model	responses	to	human	impacts.	Although	large	temporal	
datasets	are	available	 (e.g.,	Butchart	et	al.,	2004;	Collen	et	al.,	2009;	
Dornelas	et	al.,	2014;	Vellend	et	al.,	2013),	they	may	not	be	sufficiently	
representative	of	anthropogenic	pressures	 for	 the	 trends	 they	show	
to	be	taken	at	face	value	(Gonzalez	et	al.,	2016).	Furthermore,	in	the	
absence	 of	 contemporaneous	 site-	specific	 information	 about	 pres-
sures,	 it	 is	not	straightforward	to	use	these	data	 to	model	how	bio-
diversity	responds	to	pressures	or	to	project	changes	into	the	future	
(but	see	Visconti	et	al.,	2015).	Spatially	extensive	field	data	of	suitable	
quality	and	 resolution	are	time-	consuming	and	expensive	 to	collect.	
The	most	convenient	and	readily	available	source	of	suitable	biodiver-
sity	data	is	the	published	literature:	Thousands	of	published	papers	are	
based	on	datasets	that	would	be	of	value	to	global	modeling	efforts.	
However,	it	has	been	rare	for	such	papers	to	publish	data	in	full,	even	
as	 supporting	 information,	 meaning	 that	 many	 potentially	 valuable	
datasets	are	“dark	data”	 (Hampton	et	al.,	2013),	effectively	at	risk	of	
being	lost	to	science	if	they	have	not	been	lost	already.
Since	 2012,	 the	 PREDICTS	 project	 has	 been	 collating	 data	 on	
local	biodiversity	at	different	levels	of	human	pressure	from	published	
papers,	 where	 necessary	 contacting	 those	 papers’	 corresponding	
authors	 to	 request	 the	 underlying	 biodiversity	 data,	 species’	 identi-
ties,	and	precise	sampling	locations.	We	have	enhanced	the	collated	
data	by	scoring	site	characteristics	relating	to	human	pressures	such	
as	 the	 predominant	 land	 use	 and	 how	 intensively	 the	 land	 is	 used	
by	humans.	We	also	used	 the	 geographical	 coordinates	of	 the	 sites	
to	match	 them	 to	 a	 number	 of	 published	 spatially	 explicit	 datasets.	
The	database	has	already	been	used	to	conduct	global	(e.g.,	Newbold	
et	al.,	2015;	Newbold,	Hudson,	Arnell,	et	al.,	2016),	regional	(De	Palma	
et	al.,	2016)	and	national	 (Echeverría-	Londoño	et	al.,	2016)	analyses	
of	the	responses	of	local	biodiversity	to	land	use	and	related	human	
pressures.	The	database	was	first	described	by	Hudson	et	al.	 (2014)	
who	published	an	interim	version	(March	2014)	of	the	site-	level	meta-
data	along	with	a	detailed	description	of	how	the	database	has	been	
collated	and	validated.	Since	that	time,	the	database	has	nearly	dou-
bled	in	size.	Here,	we	describe	the	status	of	the	database	and	make	
available	the	full	species-	level	data	themselves	(not	just	the	site	meta-
data	 previously	 released)	 to	 facilitate	 other	 research,	 especially	 into	
human	 impacts	on	ecological	 assemblages.	We	also	 include	 sugges-
tions	for	how	the	database	can	be	used.
2  | METHODS
We	sought	datasets	describing	the	abundance	or	occurrence	of	spe-
cies,	or	the	diversity	of	ecological	assemblages	of	species	at	multiple	
sites	in	different	land	uses	or	at	different	levels	of	other	human	pres-
sures	(e.g.,	differing	levels	of	land-	use	intensity).	Data	were	primarily	
collated	through	subprojects	on	particular	regions,	land	uses,	or	taxa.	
We	also	made	general	requests	for	data	at	conferences	and	through	
published	articles	(Hudson,	Newbold,	et	al.,	2013;	Hudson	et	al.,	2014;	
Newbold	 et	al.,	 2012).	 Through	 the	 course	 of	 the	 project,	 searches	
were	increasingly	targeted	toward	under-	or	unrepresented	regions,	
biomes,	or	taxa,	in	order	to	mitigate	biased	coverage	in	the	literature.
To	be	 included	 in	 the	database,	 data	were	 required	 to	meet	 the	
following	criteria:	(1)	the	dataset	was	part	of	a	published	work,	or	the	
sampling	methods	were	published;	 (2)	 the	 same	sampling	procedure	
was	carried	out	at	each	site	within	each	study	(sampling	effort	was	per-
mitted	to	vary	so	long	as	it	was	recorded	for	each	site);	and	(3)	we	could	
acquire	the	geographical	coordinates	of	each	sampled	site.	Where	the	
author	of	the	original	publication	was	unable	to	supply	the	geographi-
cal	coordinates,	sites	were	georeferenced	from	maps	in	the	publication	
(Hudson	et	al.,	2014).	Sites’	 land	use—primary	vegetation,	secondary	
vegetation	(divided	according	to	stage	of	recovery	into	mature,	inter-
mediate	 and	 young;	 or	 indeterminate	 where	 information	 on	 stage	
was	unavailable),	plantation	forest,	cropland,	pasture	and	urban—and,	
within	each	land-	use	class,	intensity—minimal,	light	and	intense—were	
classified	from	the	description	given	in	the	source	publication	or	infor-
mation	subsequently	provided	by	data	contributors	(see	Hudson	et	al.,	
2014	for	full	details).	These	land-	use	categories	were	chosen	to	be	as	
compatible	 as	 possible	with	 those	 used	 in	 the	 harmonized	 land-	use	
scenarios	for	1500–2100	(Hurtt	et	al.,	2011)	in	order	to	facilitate	spa-
tial	and	temporal	projections	of	modeled	land-	use	effects	on	biodiver-
sity	 (e.g.,	Newbold	et	al.,	2015).	For	some	sites,	 land	use	and/or	use	
intensity	could	not	be	established,	so	were	given	missing	values.
The	data	were	arranged	in	a	hierarchical	structure.	The	data	from	
an	individual	published	work,	typically	a	published	paper,	constituted	
a	“DataSource.”	Where	different	sampling	methods	were	used	within	
a	DataSource,	for	example,	because	different	taxonomic	groups	were	
collected,	and	the	data	were	made	available	separately,	the	data	were	
divided	 into	separate	 “Studies.”	Data	 from	a	given	DataSource	were	
also	split	into	multiple	Studies	if	they	covered	large	geographic	areas	
(e.g.,	several	countries),	to	reduce	the	effect	of	biogeographic	differ-
ences	within	Studies.	Each	Study	contained	a	set	of	sampled	“Sites”	
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and	“Taxa”;	at	each	Site	a	set	of	“Measurements”	(typically	the	abun-
dance	or	occurrence	of	a	set	of	taxa)	were	taken.	The	provided	data-
base	extracts	contain,	for	each	Site,	the	raw	measurement	values,	the	
sampling	efforts	and,	where	relevant,	the	effort-	corrected	abundance	
values	(corrected	across	Sites	within	a	Study	by	dividing	the	abundance	
measurement	by	sampling	effort,	assuming	that	sampled	abundances	
increase	linearly	with	sampling	effort,	after	first	rescaling	effort	values	
within	 each	 Study	 to	 a	maximum	value	 of	 one).	The	measurements	
were	not	corrected	 for	different	detectability	 (Hayward	et	al.,	2015;	
MacKenzie	et	al.,	2002).
It	is	important	to	note	that	the	data	in	the	database	are	often	not	
exactly	 the	 same	 as	 those	 used	 in	 the	 source	 papers.	 Numbers	 of	
sites	may	differ	because	datasets	provided	may	have	been	partial	or	
included	extra	sites,	or	because	we	have	aggregated	or	disaggregated	
data	differently.	Likewise,	numbers	of	taxa	may	differ	because	of	cura-
tion	or	because	more	data	were	provided	than	had	been	used	in	the	
source	paper.	Because	our	focus	was	to	make	these	data	as	useful	as	
possible	for	PREDICTS	analyses,	rather	than	to	act	as	a	repository	for	
datasets	from	previous	publications,	it	will	often	not	be	possible	to	use	
these	data	to	replicate	the	analyses	presented	in	the	source	papers.
We	were	limited	by	the	rate	at	which	we	could	process	new	data	
because	so	many	datasets	were	contributed.	This	led	to	the	develop-
ment	of	a	backlog,	which	we	had	to	clear	by	the	end	of	the	first	phase	of	
funding	for	PREDICTS.	During	this	stage	of	the	project,	in	order	to	pro-
cess	all	the	datasets	in	hand	within	the	time	available,	we	focused	our	
efforts	on	the	fields	shown	to	be	most	important	in	our	models	to	that	
point	(De	Palma	et	al.,	2015;	Newbold	et	al.,	2014,	2015).	As	a	result,	
DataSources	processed	since	early	2015	often	lack	data	for	some	fields,	
including	coordinate	precision	and	maximum	 linear	extent;	details	of	
the	potentially	affected	fields	are	listed	in	Supporting	Information.
Team	members	were	 trained	 in	 how	 to	 score	 datasets	 received,	
using	written	definitions	and	descriptions	of	fields	and	terms,	as	well	as	
practice	datasets.	All	data	underwent	basic	validation	checks	to	ensure	
values	entered	 in	each	field	were	appropriate	 (Hudson	et	al.,	2014).	
Geographical	coordinates	were	visually	inspected	on	a	map	after	entry	
into	 the	 database,	 and	 our	 software	 automatically	 detected	 coordi-
nates	 falling	outside	of	 the	expected	 country	 (e.g.,	 because	 latitude	
and	longitude	values	were	accidentally	swapped).	For	the	calculation	
of	biodiversity	metrics	such	as	species	richness,	we	accepted	the	iden-
tifications	of	species	provided	by	the	authors	of	the	source	publica-
tions;	these	were	determined	at	the	time	of	the	original	research,	and	
so	will	not	reflect	subsequent	taxonomic	changes	or	re-	identifications.	
We	 also	matched	 taxonomic	 names	 to	 the	 Catalogue	 of	 Life	 2013	
checklist	 (COL;	Roskov	et	al.,	2013),	allowing	us	to	validate	many	of	
the	 names,	 assess	 taxonomic	 coverage	 and	 relate	measurements	 to	
species-	level	datasets	such	as	 those	describing	ecological	 traits.	We	
make	available	both	the	original	species	classifications	and	those	from	
COL	(field	names	are	given	in	Supporting	Information).	We	reviewed	
and	corrected	a	number	of	potential	error	cases,	such	as	names	with-
out	a	matching	COL	record,	and	names	for	which	the	higher	taxonomic	
F IGURE  1 Sampling	locations.	Map	colors	indicate	biomes,	taken	from	the	Terrestrial	Ecoregions	of	the	World	dataset	(The	Nature	
Conservancy,	2009),	shown	in	a	geographic	(WGS84)	projection.	Circle	radii	are	proportional	to	log10	of	the	number	of	samples	at	that	Site.	All	
circles	have	the	same	degree	of	partial	transparency.	Sites	added	to	the	database	since	Hudson	et	al.	(2014)	are	shown	in	pink
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rank	of	the	matching	COL	record	was	unexpected	(e.g.,	a	COL	record	
for	a	true	fly	within	a	Study	that	examined	birds).	Many	more	validation	
checks	were	applied;	a	complete	description	is	in	Hudson	et	al.	(2014).
3  | RESULTS
3.1 | Geographical coverage
This	release	of	the	PREDICTS	database	contains	3,250,404	records,	
from	26,114	sampled	Sites	(Figure	1),	collated	from	480	DataSources	
and	666	Studies.	The	data	represent	all	of	the	world’s	14	terrestrial	
biomes,	 in	 approximate	 proportion	 to	 their	 contribution	 to	 global	
total	 primary	 productivity	 (Figure	2).	 The	 sampled	 Sites	 span	 94	
of	 the	 world’s	 countries	 (including	 all	 17	 megadiverse	 countries;	
Mittermeier,	 Gil,	 &	Mittermeier,	 1997),	 281	 of	 the	 814	 terrestrial	
ecoregions	(The	Nature	Conservancy	2009)	and	32	of	Conservation	
International’s	 35	 biodiversity	 hotspots	 (Myers,	 Mittermeier,	
Mittermeier,	da	Fonseca,	&	Kent,	2000;	circles	on	Figure	3).	Although	
the	database	focuses	on	land	use,	it	also	includes	data	from	regions	
that	have	so	far	seen	relatively	little	land-	use	change,	such	as	some	
F IGURE  2 Coverage	of	biomes.	The	percentage	of	Studies	(a	and	b),	Sites	(c	and	d),	and	samples	(e	and	f)	against	percentages	of	terrestrial	
NPP	(Net	Primary	Productivity,	computed	as	in	Hudson	et	al.,	2014;	a,	c,	and	e)	and	terrestrial	area	(b,	d,	and	f).	Biome	codes	and	colors	are	as	in	
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high	biodiversity	wilderness	areas	(Mittermeier	et	al.,	2003;	squares	
on	Figure	3).
3.2 | Taxonomic coverage
Records	 in	 the	 PREDICTS	 database	 represent	 47,044	 species	 (see	
Hudson	et	al.,	2014	for	how	species	numbers	are	estimated	in	the	face	
of	imprecise	taxon	names),	which	is	over	2%	of	the	number	thought	
to	have	been	 formally	described	 (Chapman,	2009)—29,737	animals,	
15,545	plants,	1,759	fungi,	and	three	protists.	The	taxonomic	distri-
bution	of	taxa	in	the	database	is	in	rough	proportion	to	the	numbers	
of	described	species	in	major	taxonomic	groups	of	animals	and	plants	
(Figure	4),	and	the	data	represent	more	than	1%	as	many	species	as	
have	 been	 described	 in	 the	 following	 groups:	 Amphibia,	 Arachnida,	
Archaeognatha,	 Ascomycota,	 Aves,	 Basidiomycota,	 Bryophyta,	
Chilopoda,	Coleoptera,	Collembola,	Dermaptera,	Diptera,	Embioptera,	
Ferns	 and	 allies,	 Glomeromycota,	 Gymnosperms,	 Hemiptera,	
Hymenoptera,	 Isoptera,	 Lepidoptera,	 Magnoliophyta,	 Mammalia,	
Mantodea,	 Mecoptera,	 Neuroptera,	 Odonata,	 Onychophora,	
Orthoptera,	Reptilia,	Symphyla	and	Zoraptera	(Figure	4).	Vertebrates—
and	 especially	 birds—are	 overrepresented	 owing	 to	 biases	 in	 the	
published	 literature	 (Figure	4),	 but	 less	 so	 than	 in	many	 other	 data	
compilations	 (e.g.,	 over	 half	 of	 the	 records	 currently	 in	 the	 Global	
Biodiversity	 Information	 Facility	 [GBIF]	 are	 of	 birds;	 www.gbif.org,	
accessed	in	April	2016).	Most	Studies	in	the	PREDICTS	database	sam-
pled	 at	 least	multiple	 families,	 if	 not	multiple	orders,	 classes,	 phyla,	
or	even	kingdoms	(Figure	5).	However,	some	Studies	sampled	only	a	
single	family,	genus,	or	even	species	(Figure	5).
3.3 | Temporal coverage
We	focused	primarily	on	data	sampled	since	2000	because	most	global	
layers	describing	human	pressure	are	collected	after	this	year	and,	in	
particular,	to	facilitate	use	of	contemporaneous	Moderate-	resolution	
Imaging	 Spectroradiometer	 (MODIS)	 remotely	 sensed	 data	 (Justice	
et	al.,	1998;	Tuck	et	al.,	2014)	in	modeling.	However,	in	filling	certain	
taxonomic	and	geographic	gaps,	we	also	collated	some	data	that	were	
sampled	before	2000	(Figure	6).	Data	are	sparse	after	2012	because	
of	the	natural	time	lags	between	data	collection	in	the	field,	publica-
tion	and	then	assimilation	into	the	PREDICTS	database	(Figure	6).
3.4 | Data access and structure
This	 2016	 release	 of	 the	 database—the	 complete	 dataset	 and	 also	
site-	level	 summaries—is	 available	 on	 the	 data	 portal	 of	 the	Natural	
History	 Museum,	 London	 (doi:	 10.5519/0066354)	 as	 comma-	
separated	variable	(CSV)	files	and	as	RDS	files,	the	latter	for	use	with	
the	 R	 statistical	 modeling	 language	 (R	 Core	 Team	 2015;	 RDS	 files	
were	generated	using	R	3.3.1).	A	complete	description	of	the	columns	
in	 the	 extracts,	 along	 with	 a	 visualization	 of	 the	 database	 schema,	
is	given	 in	Supporting	 Information.	This	paper	makes	all	 the	data	 in	
this	version	of	the	database	freely	available	to	anyone	wishing	to	use	
F IGURE  3 Numbers	of	Sites	against	the	areas	of	biodiversity	hotspots	and	of	high	biodiversity	wilderness	areas	(HBWAs).	Hotspots	are	
shown	by	circles	and	HBWAs	by	squares;	symbols	are	colored	by	the	predominant	biogeographic	realm	in	which	they	fall.	Hotspots	are	1	
California	Floristic	Province,	2	Madrean	Pine-	Oak	Woodlands,	3	Atlantic	Forest,	4	Caribbean	Islands,	5	Cerrado,	6	Chilean	Winter	Rainfall	
and	Valdivian	Forests,	7	Mesoamerica,	8	Tropical	Andes,	9	Tumbes-	Choco-	Magdalena,	10	Irano-	Anatolian,	11	Japan,	12	Mediterranean	Basin,	
13	Mountains	of	Central	Asia,	14	Mountains	of	Southwest	China,	15	Cape	Floristic	Region,	16	Coastal	Forests	of	Eastern	Africa,	17	Eastern	
Afromontane,	18	Guinean	Forests	of	West	Africa,	19	Madagascar	and	the	Indian	Ocean	Islands,	20	Maputaland-	Pondoland-	Albany,	21	Succulent	
Karoo,	22	Himalaya,	23	Indo-	Burma,	24	Philippines,	25	Sundaland,	26	Western	Ghats	and	Sri	Lanka,	27	East	Melanesian	Islands,	28	Forests	
of	East	Australia,	29	New	Zealand,	30	Southwest	Australia,	31	Wallacea,	32	Polynesia-	Micronesia	and	HBWAs	are	33	Amazonia,	34	Congo	
Forests,	35	New	Guinea,	36	North	American	Deserts.	Unrepresented	are	the	hotspots	Caucasus,	Horn	of	Africa,	New	Caledonia	and	the	HBWA	
Miombo-	Mopane	Woodlands	and	Savannas
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them	for	any	purpose.	The	terms	of	the	license	require	that	anyone	
publishing	research	based	on	these	data	should	cite	this	paper	and/
or	the	original	sources	of	the	data	used,	as	appropriate.	The	dataset	
at	 doi:	 10.5519/0066354	 contains	 bibliographic	 information	 for	 all	
DataSources	in	both	CSV	and	BibTeX	formats.
4  | DISCUSSION
The	PREDICTS	database	is	designed	to	be	able	to	address	a	range	of	
questions	about	how	land	use	and	related	pressures	have	influenced	
the	occurrence	and	abundance	of	species	and	the	diversity	of	ecologi-
cal	assemblages.	The	highly	structured	nature	of	the	data,	with	com-
parable	surveys	having	been	carried	out	at	each	Site	within	a	Study,	
was	chosen	to	facilitate	such	modeling.	Table	1	identifies	a	range	of	
long-	standing	 general	 questions	 for	which	 the	PREDICTS	data	may	
be	useful,	referencing	early	papers	addressing	questions	of	each	type.	
It	also	outlines	the	steps	required	to	tackle	each	kind	of	question,	in	
conjunction	with	other	information	about	the	Sites	and	species	where	
necessary,	and	refers	to	papers	that	have	performed	so.
Changes	in	attitudes	to—and	the	increasing	ease	of—data	sharing	
have	contributed	to	rapid	growth	in	open	compilations	of	structured	
biodiversity	data	and	related	pressure	data	targeted	toward	particular	
kinds	of	research	question.	Examples	of	data	types	featured	 in	such	
compilations	 include	population	time	series	 (e.g.,	 Inchausti	&	Halley,	
2001),	assemblage	time	series	(e.g.,	Dornelas	et	al.,	2014),	assemblage	
inventories	 (e.g.,	Thibault,	 Supp,	Giffin,	White,	&	Ernest,	 2011),	 and	
species	traits	(e.g.,	Madin	et	al.,	2016).	Other	projects	have	collated	or	
are	collating	large	compilations	of	structured	biodiversity	data,	such	as	
BIOFRAG	(Pfeifer	et	al.,	2014;	habitat	fragmentation),	BIOTIME	(The	
BioTIME	Research	Group,	2016;	detailed	time-	series	data,	still	being	
compiled)	and	GLOBIO3	 (Alkemade	et	al.,	2009;	pristine	versus	dis-
turbed	habitats,	not	publicly	available).
The	 largest	 open	 compilation	 of	 biodiversity	 data	 is	 the	 Global	
Biodiversity	 Information	 Facility	 (GBIF;	 www.gbif.org),	 which	 aggre-
gates	mostly	unstructured	species	occurrence	data.	The	unstructured	
nature	of	most	GBIF	data	limits	the	range	of	questions	to	which	they	
can	easily	be	put,	although	they	are	increasingly	used	in	modeling	spe-
cies	 distributions	 (e.g.,	 Pineda	 &	 Lobo,	 2008)	 and	 habitat	 suitability	
(e.g.,	Ficetola,	Rondinini,	Bonardi,	Baisero,	&	Padoa-	Schioppa,	2015).	As	
of	April	2016,	GBIF	holds	over	560	million	georeferenced	occurrence	
records	of	around	1.5	million	species,	although	coverage	is	taxonom-
ically	uneven	(e.g.,	most	records	are	of	birds)	and	patchy	even	among	
the	best-	recorded	groups	(Meyer,	Kreft,	Guralnick,	&	Jetz,	2015).
Databases	 of	 species	 traits	 continue	 to	 be	 collated	 and	 pub-
lished,	 and	 many	 of	 them	 are	 relevant	 to	 taxa	 in	 the	 PREDICTS	
F IGURE  4 Taxonomic	coverage.	The	numbers	of	species	in	our	database	against	the	numbers	of	described	species	within	each	of	59	higher	
taxa,	as	estimated	by	Chapman	(2009),	on	logarithmic	axes.	Vertebrates	are	shown	in	red,	arthropods	in	pink,	other	animals	in	gray,	plants	in	
green,	and	fungi	in	blue.	The	dashed,	solid,	and	dotted	lines	indicate	10,	1,	and	0.1%	representation,	respectively.	Groups	with	just	a	single	
species	represented	(Diplura	and	Zoraptera)	are	not	shown
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F IGURE  5 Number	of	Studies	by	lowest	common	taxonomic	group.	Bars	show	the	number	of	Studies	within	each	lowest	common	taxon	(so,	
one	Study	examined	the	species	Swietenia macrophylla,	three	Studies	examined	the	species	Bombus pascuorum,	ten	Studies	examined	multiple	
species	within	the	genus	Bombus,	and	so	on).	Colors	are	as	in	Figure	4.	Numbers	on	the	right	are	the	primary	references	from	which	data	were	
taken:	1	Basset	et	al.	(2008),	2	Buscardo	et	al.	(2008),	3	Christensen	and	Heilmann-	Clausen	(2009),	4	Domínguez,	Bahamonde,	and	Muñoz-	
Escobar	(2012),	5	López-	Quintero,	Straatsma,	Franco-	Molano,	and	Boekhout	(2012),	6	Nöske	et	al.	(2008),	7	Norton,	Espie,	Murray,	and	Murray	
(2006),	8	Peri,	Lencinas,	Martínez	Pastur,	Wardell-	Johnson,	and	Lasagno	(2013),	9	Robinson	and	Williams	(2011),	10	Barratt	et	al.	(2005),	11	
Bonham,	Mesibov,	and	Bashford	(2002),	12	Boutin,	Martin,	and	Baril	(2009),	13	Carpenter	et	al.	(2012),	14	Gaigher	and	Samways	(2010),	15	Ge	
et	al.	(2012),	16	Hayward	(2009),	17	Leighton-	Goodall,	Brown,	Hammond,	and	Eggleton	(2012),	18	Muchane	et	al.	(2012),	19	Ngai	et	al.	(2008),	
20	Richardson,	Richardson,	and	Soto-	Adames	(2005),	21	Schon,	Mackay,	Minor,	Yeates,	and	Hedley	(2008),	22	Schon,	Mackay,	Yeates,	and	
Minor	(2010),	23	Schon,	Mackay,	and	Minor	(2011),	24	Smith	(2006),	25	Smith,	Potts,	Woodcock,	and	Eggleton	(2008),	26	Smith,	Potts,	and	
Eggleton	(2008),	27	Todd	et	al.	(2011),	28	Vasconcelos	et	al.	(2009),	29	Walker,	Wilson,	Norbury,	Monks,	and	Tanentzap	(2014),	30	Baeten,	
Velghe,	et	al.	(2010),	31	Bakayoko,	Martin,	Chatelain,	Traore,	and	Gautier	(2011),	32	Center	for	International	Forestry	Research	(CIFOR)	(2013a),	
33	Center	for	International	Forestry	Research	(CIFOR)	(2013b),	34	Dumont	et	al.	(2009),	35	Firincioglu,	Seefeldt,	Sahin,	and	Vural	(2009),	36	
Haarmeyer,	Schmiedel,	Dengler,	and	Bosing	(2010),	37	Joubert,	Esler,	and	Privett	(2009),	38	Norfolk,	Eichhorn,	and	Gilbert	(2013),	39	Page,	
Qureshi,	Rawat,	and	Kushalappa	(2010),	40	Proença,	Pereira,	Guilherme,	and	Vicente	(2010),	41	Sheil	et	al.	(2002),	42	Wang,	Lencinas,	Ross	
Friedman,	Wang,	and	Qiu	(2011),	43	Alignier	and	Deconchat	(2013),	44	Baeten,	Hermy,	Van	Daele,	and	Verheyen	(2010),	45	Barlow,	Gardner,	
et	al.	(2007),	46	Barrico	et	al.	(2012),	47	Baur	et	al.	(2006),	48	Berry	et	al.	(2010),	49	Boutin,	Baril,	and	Martin	(2008),	50	Bouyer	et	al.	(2007),	51	
Brearley	(2011),	52	Brunet	et	al.	(2011),	53	Calviño-	Cancela,	Rubido-	Bará,	and	van	Etten	(2012),	54	Castro,	Lehsten,	Lavorel,	and	Freitas	(2010),	
55	de	Lima,	Dallimer,	Atkinson,	and	Barlow	(2013),	56	Devineau,	Fournier,	and	Nignan	(2009),	57	Fensham,	Dwyer,	Eyre,	Fairfax,	and	Wang	
(2012),	58	Fernandez	and	Simonetti	(2013),	59	Fredriksson,	Danielsen,	and	Swenson	(2007),	60	Gendreau-	Berthiaume,	Kneeshaw,	and	Harvey	
(2012),	61	Golodets,	Kigel,	and	Sternberg	(2010),	62	Grass,	Berens,	Peter,	and	Farwig	(2013),	63	Gutierrez	et	al.	(2009),	64	Helden	and	Leather	
(2004),	65	Hernández,	Delgado,	Meier,	and	Duran	(2012),	66	Hietz	(2005),	67	Higuera	and	Wolf	(2010),	68	Hylander	and	Nemomissa	(2009),	69	
Ishida,	Hattori,	and	Takeda	(2005),	70	Kati,	Zografou,	Tzirkalli,	Chitos,	and	Willemse	(2012),	71	Katovai,	Burley,	and	Mayfield	(2012),	72	Kessler	
et	al.	(2005),	73	Kessler	et	al.	(2009),	74	Kolb	and	Diekmann	(2004),	75	Krauss,	Klein,	Steffan-	Dewenter,	and	Tscharntke	(2004),	76	Krauss	et	al.	
(2010),	77	Kumar	and	Shahabuddin	(2005),	78	Letcher	and	Chazdon	(2009),	79	Louhaichi,	Salkini,	and	Petersen	(2009),	80	Lucas-	Borja	et	al.	
(2011),	81	Måren	(2011),	82	Måren,	Bhattarai,	and	Chaudhary	(2013),	83	Marin-	Spiotta,	Ostertag,	and	Silver	(2007),	84	Mayfield,	Ackerly,	and	
Daily	(2006),	85	McNamara,	Erskine,	Lamb,	Chantalangsy,	and	Boyle	(2012),	86	Milder	et	al.	(2010),	87	O’Connor	(2005),	88	Paritsis	and	Aizen	
(2008),	89	Phalan,	Onial,	Balmford,	and	Green	(2011),	90	Pincheira-	Ulbrich,	Rau,	and	Smith-	Ramirez	(2012),	91	Poggio,	Chaneton,	and	Ghersa	
(2013),	92	Power	and	Stout	(2011),	93	Power,	Kelly,	and	Stout	(2012),	94	Ramesh	et	al.	(2010),	95	Romero-	Duque,	Jaramillo,	and	Perez-	Jimenez	
(2007),	96	Schmitt,	Senbeta,	Denich,	Preisinger,	and	Boehmer	(2010),	97	Shannon	et	al.	(2008),	98	Siebert	(2011),	99	Vassilev,	Pedashenko,	
Nikolov,	Apostolova,	and	Dengler	(2011),	100	Williams,	Sheahan,	and	Gormally	(2009),	101	Yamaura	et	al.	(2012),	102	Alcala,	Alcala,	and	Dolino	
(2004),	103	Bicknell	and	Peres	(2010),	104	Centro	Agronómico	Tropical	de	Investigación	y	Enseñanza	(CATIE)	(2010);	Deheuvels,	Avelino,	
Somarriba,	and	Malézieux	(2012),	Deheuvels	et	al.	(2014);	Rousseau,	Deheuvels,	Rodriguez	Arias,	and	Somarriba	(2012),	105	Craig	et	al.	(2009),	
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106	Craig	et	al.	(2012),	107	Craig,	Grigg,	Hobbs,	and	Hardy	(2014),	108	Craig,	Stokes,	StJ.	Hardy,	and	Hobbs	(2015),	109	de	Thoisy	et	al.	(2010),	
110	Endo	et	al.	(2010),	111	Garden,	McAlpine,	and	Possingham	(2010),	112	Kurz,	Nowakowski,	Tingley,	Donnelly,	and	Wilcove	(2014),	113	Kutt	
and	Woinarski	(2007),	114	Kutt,	Vanderduys,	and	O’Reagain	(2012),	115	Lehouck	et	al.	(2009),	116	Macip-	Ríos	and	Muñoz-	Alonso	(2008),	117	
McCarthy,	McCarthy,	Fuller,	and	McCarthy	(2010),	118	Parry,	Barlow,	and	Peres	(2009),	119	Peres	and	Nascimento	(2006),	120	St-	Laurent,	
Ferron,	Hins,	and	Gagnon	(2007),	121	Sung,	Karraker,	and	Hau	(2012),	122	Urbina-	Cardona,	Olivares-	Perez,	and	Reynoso	(2006),	123	Woinarski	
and	Ash	(2002),	124	Woinarski	et	al.	(2009),	125	Billeter	et	al.	(2008);	Le	Féon	et	al.	(2010),	126	Borges	et	al.	(2006),	127	Cabra-	García,	
Bermúdez-	Rivas,	Osorio,	and	Chacón	(2012),	128	Hanley	(2011),	129	Lachat	et	al.	(2006),	130	Cardoso	et	al.	(2009);	Meijer,	Whittaker,	and	
Borges	(2011),	131	Nakamura,	Proctor,	and	Catterall	(2003),	132	Norfolk,	Abdel-	Dayem,	and	Gilbert	(2012),	133	Poveda,	Martinez,	Kersch-	
Becker,	Bonilla,	and	Tscharntke	(2012),	134	Rousseau,	Fonte,	Tellez,	van	der	Hoek,	and	Lavelle	(2013),	135	Turner	and	Foster	(2009),	136	
Uehara-	Prado	et	al.	(2009),	137	Waite	(2012);	Waite,	Closs,	Van	Heezik,	Berry,	and	Dickinson	(2012),	138	Woodcock	et	al.	(2007),	139	Albertos,	
Lara,	Garilleti,	and	Mazimpaka	(2005),	140	Draper,	Lara,	Albertos,	Garilleti,	and	Mazimpaka	(2006),	141	Giordano	et	al.	(2004),	142	Hylander	and	
Weibull	(2012),	143	Medina	et	al.	(2010),	144	Hu	and	Cao	(2008),	145	Wu,	Fu,	Chen,	and	Chen	(2002),	146	Zhang,	Li,	and	Liang	(2010),	147	
Giordani	et	al.	(2010),	148	Giordani	(2012),	149	Aben,	Dorenbosch,	Herzog,	Smolders,	and	Van	Der	Velde	(2008),	150	Arbeláez-	Cortés,	
Rodríguez-	Correa,	and	Restrepo-	Chica	(2011),	151	Aumann	(2001),	152	Azhar	et	al.	(2013),	153	Azman	et	al.	(2011),	154	Azpiroz	and	Blake	
(2009),	155	Báldi,	Batáry,	and	Erdos	(2005),	156	Barlow,	Mestre,	Gardner,	and	Peres	(2007),	157	Bóçon	(2010),	158	Borges	(2007),	159	Brandt	
et	al.	(2013),	160	Cerezo,	Conde,	and	Poggio	(2011),	161	Chapman	and	Reich	(2007),	162	Cockle,	Leonard,	and	Bodrati	(2005),	163	Dallimer,	
Parnell,	Bicknell,	and	Melo	(2012),	164	Dawson	et	al.	(2011),	165	Dures	and	Cumming	(2010),	166	Edenius,	Mikusinski,	and	Bergh	(2011),	167	
Farwig,	Sajita,	and	Boehning-	Gaese	(2008),	168	Flaspohler	et	al.	(2010),	169	Gomes,	Oostra,	Nijman,	Cleef,	and	Kappelle	(2008);	Oostra,	Gomes,	
and	Nijman	(2008),	170	Hassan	et	al.	(2013),	171	Ims	and	Henden	(2012),	172	Lantschner,	Rusch,	and	Peyrou	(2008),	173	Lasky	and	Keitt	
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database.	 Recent	 examples	 include	 mammalian	 generation	 time	
(Pacifici	 et	al.,	 2013),	 a	 variety	 of	 mammalian	 traits	 (Jones	 et	al.,	
2009),	 foraging	 attributes	 of	 birds	 and	 mammals	 (Wilman	 et	al.,	
2014),	field	metabolic	rates	of	birds	and	mammals	(Hudson,	Isaac,	&	
Reuman,	2013)	and	functional	traits	of	vascular	plants	(Kattge	et	al.,	
2011).	Additional	databases	provide	more	abstract	 concepts	 such	
as	 species’	 threat	 status	 (International	Union	 for	 Conservation	 of	
Nature,	2016)	and	estimates	of	the	degrees	of	protection	required	
(Convention	on	International	Trade	in	Endangered	Species	of	Wild	
Fauna	and	Flora,	2016).	Relating	such	data	with	measurements	 in	
the	 PREDICTS	 database	 makes	 possible	 investigation	 into	 how	
traits	mediate	species’	responses	to	changes	in	land	use	and	land-	
use	intensity.	Examples	of	published	analyses	have	examined	hab-
itat	 specialization	 and	 geographical	 range	 size	 of	 birds	 and	mam-
mals	 (Newbold	 et	al.,	 2014),	 functional	 traits	 of	 vascular	 plants	
(Bernhardt-	Römermann	et	al.,	2011)	and	a	range	of	morphometric,	
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(2011),	382	Jung	and	Powell	(2011),	383	Bartolommei,	Mortelliti,	Pezzo,	and	Puglisi	(2013),	384	Andersen	and	Hoffmann	(2011),	385	
Armbrecht,	Perfecto,	and	Silverman	(2006),	386	Bihn,	Verhaagh,	Braendle,	and	Brandl	(2008),	387	Buczkowski	(2010),	388	Buczkowski	and	
Richmond	(2012),	389	Delabie	et	al.	(2009),	390	Dominguez-	Haydar	and	Armbrecht	(2010),	391	Fayle	et	al.	(2010),	392	Floren,	Freking,	Biehl,	
and	Linsenmair	(2001),	393	Frizzo	and	Vasconcelos	(2013),	394	Gove,	Majer,	and	Rico-	Gray	(2005),	395	Gunawardene,	Majer,	and	Edirisinghe	
(2010),	396	Hashim,	Akmal,	Jusoh,	and	Nasir	(2010),	397	Kone,	Konate,	Yeo,	Kouassi,	and	Linsenmair	(2010),	398	Maeto	and	Sato	(2004),	399	
Roth,	Perfecto,	and	Rathcke	(1994),	400	Schmidt,	Fraser,	Carlyle,	and	Bassett	(2012),	401	Uehara-	Prado	(2005),	402	Vasconcelos	(1999),	403	
Vasconcelos,	Vilhena,	and	Caliri	(2000),	404	Fierro,	Cruz-	Lopez,	Sanchez,	Villanueva-	Gutierrez,	and	Vandame	(2012),	405	Hanley	(2005),	406	
Julier	and	Roulston	(2009),	407	Liow,	Sodhi,	and	Elmqvist	(2001),	408	Nielsen	et	al.	(2011),	409	Parra-	H	and	Nates-	Parra	(2007),	410	
Rasmussen	(2009),	411	Winfree,	Griswold,	and	Kremen	(2007),	412	da	Silva	(2011),	413	Davis	and	Philips	(2005),	414	Filgueiras,	Iannuzzi,	and	
Leal	(2011),	415	Gardner,	Hernandez,	Barlow,	and	Peres	(2008),	416	Horgan	(2009),	417	Jacobs,	Scholtz,	Escobar,	and	Davis	(2010),	418	
Navarrete	and	Halffter	(2008),	419	Navarro,	Roman,	Gomez,	and	Perez	(2011),	420	Noriega,	Realpe,	and	Fagua	(2007),	421	Noriega,	Palacio,	
Monroy-	G,	and	Valencia	(2012),	422	Rös,	Escobar,	and	Halffter	(2012),	423	Silva,	Costa,	Moura,	and	Farias	(2010),	424	Slade,	Mann,	and	Lewis	
(2011),	425	Gu,	Zhen-	Rong,	and	Dun-	Xiao	(2004),	426	Koivula,	Hyyrylainen,	and	Soininen	(2004),	427	Liu,	Axmacher,	Wang,	Li,	and	Yu	(2012),	
428	Noreika	and	Kotze	(2012),	429	Rey-	Velasco	and	Miranda-	Esquivel	(2012),	430	Vanbergen,	Woodcock,	Watt,	and	Niemela	(2005),	431	
Weller	and	Ganzhorn	(2004),	432	Aguilar-	Barquero	and	Jiménez-	Hernández	(2009),	433	Carvalho,	Ferreira,	Lima,	and	de	Carvalho	(2010),	434	
Svenning	(1998),	435	Benedick	et	al.	(2006),	436	Fermon,	Waltert,	Vane-	Wright,	and	Muhlenberg	(2005),	437	Ribeiro	and	Freitas	(2012),	438	
Breedt,	Dreber,	and	Kellner	(2013),	439	Scott,	Setterfield,	Douglas,	and	Andersen	(2010),	440	Cagle	(2008),	441	Johnson,	Gómez,	and	Pinedo-	
Vasquez	(2008),	442	Su,	Zhang,	and	Qiu	(2011),	443	Gottschalk,	De	Toni,	Valente,	and	Hofmann	(2007),	444	Axmacher	et	al.	(2009),	445	García,	
Ortiz	Zapata,	Aguayo,	and	D’Elia	(2013),	446	Jolli	and	Pandit	(2011),	447	Saldaña-	Vázquez,	Sosa,	Hernández-	Montero,	and	López-	Barrera	
(2010),	448	Nicolas,	Barriere,	Tapiero,	and	Colyn	(2009),	449	Sakchoowong,	Nomura,	Ogata,	and	Chanpaisaeng	(2008),	450	García-	R,	
Cárdenas-	H,	and	Castro-	H	(2007),	451	Yoshikura,	Yasui,	and	Kamijo	(2011),	452	Connop,	Hill,	Steer,	and	Shaw	(2011),	453	Darvill,	Knight,	and	
Goulson	(2004),	454	Diekötter,	Walther-	Hellwig,	Conradi,	Suter,	and	Frankl	(2006),	455	Goulson,	Lye,	and	Darvill	(2008),	456	Goulson	et	al.	
(2010),	457	Hanley	et	al.	(2011),	458	Hatfield	and	LeBuhn	(2007),	459	McFrederick	and	LeBuhn	(2006),	460	Redpath,	Osgathorpe,	Park,	and	
Goulson	(2010),	461	Schumann,	Wittig,	Thiombiano,	Becker,	and	Hahn	(2011),	462	Nakashima,	Inoue,	and	Akomo-	Okoue	(2013),	463	Wiafe	and	
Amfo-	Otu	(2012),	464	Peters,	Fischer,	Schaab,	and	Kraemer	(2009),	465	Peters,	Lung,	Schaab,	and	Waegele	(2011),	466	Matsumoto,	Itioka,	
Yamane,	and	Momose	(2009),	467	Rubio	and	Simonetti	(2011),	468	Herrmann,	Westphal,	Moritz,	and	Steffan-	Dewenter	(2007),	469	Knight	
et	al.	(2009),	470	Ancrenaz,	Goossens,	Gimenez,	Sawang,	and	Lackman-	Ancrenaz	(2004),	471	Felton,	Engstrom,	Felton,	and	Knott	(2003),	472	
Knop,	Ward,	and	Wich	(2004),	473	Ewers,	Bartlam,	and	Didham	(2013),	474	Davis,	Murray,	Fitzpatrick,	Brown,	and	Paxton	(2010),	475	Hanson,	
Brunsfeld,	Finegan,	and	Waits	(2008),	476	Strauch	and	Eby	(2012),	477	Ramos-	Robles,	Gallina,	and	Mandujano	(2013),	478	Ferreira	and	Alves	
(2005,	2009),	479	Luskin	(2010),	480	Grogan	et	al.	(2008)
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physiological,	and	functional	traits	of	bees	(De	Palma	et	al.,	2015);	
see	Table	1,	Q.	3.
Although	our	targeting	of	data	from	underrepresented	biomes	and	
taxa	(Hudson	et	al.,	2014)	reduces	the	effects	of	geographic	and	taxo-
nomic	biases	in	available	data,	the	PREDICTS	database	nonetheless	has	
many	limitations,	of	which	four	are	particularly	important	to	note.	First,	
our	 individual	 datasets	 seldom	 take	 a	whole-	ecosystem	perspective,	
being	 instead	 taxonomically	 or	 ecologically	 restricted;	 consequently,	
our	 data	 shed	 little	 light	 on	 how	 trophic	webs	 or	 other	 interactions	
are	affected	by	human	pressures.	Second,	even	within	the	groups	sam-
pled,	our	data	do	not	provide	complete	inventories	of	the	species	that	
would	be	found	with	comprehensive	sampling;	thus,	failure	to	record	
a	 species	 from	a	 Site	 does	not	 provide	 strong	 evidence	of	 absence.	
Third,	Latin	binomials	were	not	available	for	a	sizeable	fraction	of	the	
species	in	our	DataSources,	limiting	the	prospects	for	linking	the	obser-
vations	of	occurrence	and	abundance	to	other	information	about	the	
species	 (e.g.,	 functional	 traits;	Kattge	et	al.,	2011).	Last,	because	our	
database	was	designed	to	test	hypotheses	about	local-	scale	variation	
in	biodiversity,	it	is	not	particularly	informative	about	large-	scale	bio-
diversity	patterns	such	as	the	latitudinal	gradient	in	species	richness	or	
how	pressures	with	a	coarse	spatial	grain	 (e.g.,	atmospheric	nitrogen	
deposition;	Simkin	et	al.,	2016)	influence	Site-	level	diversity.
When	using	the	PREDICTS	database,	or	indeed	any	database,	to	
model	biodiversity	responses,	it	is	important	to	be	aware	of	potential	
mismatches	in	scale	between	Site-	level	data	and	pressure	data	such	as	
MODIS	remotely	sensed	data	(Justice	et	al.,	1998)	and	the	harmonized	
land-	use	 scenarios	 (Hurtt	 et	al.,	 2011)	 and	 also	 between	 Site-	level	
response	variables	and	the	scales	of	interest.	The	PREDICTS	database	
contains	 some	 structural	 features	 that	 help	with	 these	 issues.	 First,	
we	assigned	the	Site-	level	 land	use	and	land-	use	intensity	classifica-
tions	based	on	the	authors’	descriptions	of	the	habitats	so	these	clas-
sifications	do	not	suffer	from	the	problem	of	scale	mismatch.	Second,	
Sites	 are	 represented	 as	 precisely	 as	 possible:	 Sites	 often	 represent	
individual	quadrats,	 traps,	or	other	points	within	a	broader	sampling	
regime	 (such	as	a	 transect),	 and	we	 recorded	 (as	 latitude	and	 longi-
tude)	the	coordinates	of	each	Site	rather	than	aggregating	them	into	
coarser	summaries	across	the	broader	sampling	regime.	Third,	where	
the	 relevant	 information	was	 available,	we	 also	 recorded	 the	maxi-
mum	extent	of	sampling	as	a	linear	value	in	meters	(for	22,199	Sites,	
see	 Hudson	 et	al.	 (2014)	 for	 details).	 Users	 of	 the	 database	 there-
fore	have	flexibility	in	deciding	how	measurements	in	the	PREDICTS	
database	are	related	to	available	pressure	data.	Possible	solutions	to	
scale	mismatches	between	biodiversity	data	and	pressure	data	would	
be	 (1)	 to	exclude	 from	analyses	any	Sites	where	 the	extent	of	 sam-
pling	is	substantially	greater	than	the	grain	size	of	the	pressure	data	
or	(2)	to	conduct	some	sort	of	spatial	averaging	of	the	pressure	data.	
Novel	methods	have	been	published	both	 for	downscaling	pressure	
data	 (e.g.,	 Hoskins	 et	al.,	 2016)	 and	 for	 upscaling	 local	 biodiversity	
F IGURE  6 Spatiotemporal	sampling	coverage.	Site	sampling	dates	are	shown	by	biome.	Each	Site	is	represented	by	a	circle	and	line.	Circle	
radii	are	proportional	to	log10	of	the	number	of	samples	at	that	Site.	Circle	centers	are	at	the	midpoints	of	Site	sampling	dates;	lines	indicate	the	
start	and	end	dates	of	sampling.	Y-	values	have	been	jittered	at	the	Study	level.	Circles	and	lines	have	the	same	degree	of	partial	transparency.	
Biome	colors	and	letters	are	as	in	Figure	1
Year
1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013
Biome
P
N
M
L
K
J
H
G
F
E
D
C
B
A
Mangroves
Tropical and Subtropical
Moist Broadleaf Forests
Tropical and Subtropical
Dry Broadleaf Forests
Flooded Grasslands, and Savannas
Tropical & Subtropical
Coniferous Forests
Tropical and Subtropical
Grasslands,
Savannas, and Shrublands
Deserts and Xeric Shrublands
Mediterranean Forests,
Woodlands, and Scrub
Temperate Grasslands,
Savannas, and Shrublands
Montane Grasslands, and Shrublands
Temperate Broadleaf and Mixed Forests
Temperate Conifer Forests
Boreal Forests/Taiga
Tundra  50 sites 1,582 samples
 1,093 sites
 107,082 samples
 678 sites
 44,205 samples
 7,949 sites
 885,357 samples
 1,029 sites
 299,545 samples
 1,736 sites
 244,793 samples
 1,952 sites
 180,163 samples
 314 sites
 18,861 samples
 2,699 sites
 248,114 samples
 419 sites
 39,879 samples
 12 sites
 144 samples
 632 sites
 35,957 samples
 7,517 sites
 1,142,127 samples
 34 sites
 2,577 samples
     |  25HUDSON et al.
TABLE  1 Questions	that	could	be	answered	using	the	PREDICTS	database
Question Early example references Approach
Example using 
PREDICTS 
database
Questions about taxa
Q	1. What	factors	influence	the	
occurrence	and/or	
abundance	of	a	particular	
focal	species?
Austin,	Nicholls,	and	
Margules	(1990)
Filter	to	remove	species	not	of	interest.	Merge	
PREDICTS	data	with	data	on	any	additional	
site-	level	characteristics	of	interest.	One	
possible	analytical	approach	is	to	model	effects	
of	site	characteristics	on	presence-	absence	and	
log	(abundance	when	present)	separately,	the	
first	with	binomial	errors	and	the	second	with	
Gaussian	errors,	while	accounting	for	
among-	Study	differences	(e.g.,	using	mixed-	
effects	models).
–
Q	2. Do	changes	in	land-	use	
facilitate	success	of	invasive	
species?
Dukes	and	Mooney	(1999),	
Theoharides	and	Dukes	
(2007)
Obtain	lists	of	invasive	species	for	the	regions	of	
interest	and	model	presence-	absence	and/or	
abundance	of	invasives	as	above.
–
Q	3. Which	ecological	attributes	of	
species	make	them	more	or	
less	sensitive	to	human	
pressures?
McKinney	(1997),	Davies,	
Margules,	and	Lawrence	
(2000),	Cardillo	et	al.	(2005)
Merge	PREDICTS	data	with	species-	level	data	
on	traits	of	interest.	Model	how	site	and	
species	characteristics	affect	presence-	absence	
and	log	(abundance	when	present)	separately	
as	above,	accounting	for	Study-	level	and	
taxon-	level	differences	(e.g.,	using	mixed-	
effects	models).
Newbold	et	al.	
(2014),	De	Palma	
et	al.	(2015)
Q	4. Which	taxa	have	species	that	
are	more	sensitive	to	human	
pressures,	and	which	have	
less	sensitive	species?
Lawton	et	al.	(1998),	Mace	
and	Balmford	(2000),	
Gibson	et	al.	(2011)
Add	taxonomic	group	into	models	above	as	a	
fixed	effect	interacting	with	other	fixed	effects.
–
Q	5. Are	phylogenetically	distinct	
species	particularly	
sensitive?
Gaston	and	Blackburn	
(1997),	Purvis,	Agapow,	
Gittleman,	and	Mace	(2000)
Analyze	phylogenetic	distinctiveness	or	unique	
evolutionary	history	in	the	same	way	as	
ecological	attributes.
–
Q	6. What	are	the	relationships	
between	geographic	range	
size	or	occupancy	and	
abundance?
Brown	(1984) Merge	PREDICTS	data	with	species-	level	data	
on	range	sizes	or	occupancy.	Filter	to	the	land	
uses	of	interest	(e.g.,	primary	vegetation	if	the	
focus	is	on	natural	systems),	and	examine	
within-	Study	relationship	between	abundance	
and	relative	range	size	or	occupancy.
–
Q	7. Do	suitability	estimates	from	
environmental	niche	models	
predict	abundance?
VanDerWal,	Shoo,	Johnson,	
and	Williams	(2009)
Use	other	data	on	occurrences	of	species	to	fit	
niche	models	for	all	species	in	within	selected	
Studies	and	thereby	estimate	suitability	of	each	
Site.	Various	modeling	options	are	then	
possible	depending	on	the	precise	question:	for	
example,	fit	land	use	interacting	with	suitability	
when	modeling	abundance	in	order	to	test	
whether	any	correlation	depends	on	land	use.
–
Questions about sites
Q	8. Which	land	uses	and	other	
Site-	level	pressures	have	the	
strongest	net	impact	on	
levels	of	local	biodiversity?
Lawton	et	al.	(1998),	Gibson	
et	al.	(2011)
Aggregate	biodiversity	data	within	a	site	to	
estimate	relevant	diversity	metric	(e.g.,	
within-	sample	species	richness,	total	abun-
dance,	rarefaction-	based	richness,	species	
evenness).	Merge	Site-	level	biodiversity	data	
with	any	additional	data	on	Site-	level	
characteristics	of	interest	(e.g.,	from	remotely	
sensed	data)	if	required.	Model	Site-	level	
diversity	as	a	function	of	Site	characteristics	
while	accounting	for	among-	Study	differences	
(e.g.,	using	mixed-	effects	models).
fig	1b,c	in	
Newbold	et	al.	
(2015)
(Continues)
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TABLE  1  (Continued)
Question Early example references Approach
Example using 
PREDICTS 
database
Q	9. How	do	land	use	and	other	
pressures	reduce	composi-
tional	intactness?
Scholes	and	Biggs	(2005) Because	net	changes	are	affected	by	gains	of	
non-	native	species	as	well	as	losses	of	those	
originally	present,	modeling	compositional	
intactness	gives	a	more	sensitive	indication	of	
human	impacts.	Model	Site-	level	abundance	as	
a	function	of	pressures	as	above,	and	how	
compositional	similarity	to	assemblages	in	
primary	vegetation	differs	among	land	uses.	
Combine	these	models	to	estimate	the	
Biodiversity	Intactness	Index	(Scholes	&	Biggs,	
2005)—the	average	abundance	of	a	diverse	set	
of	species,	relative	to	their	abundance	in	an	
unimpacted	assemblage.
Newbold,	
Hudson,	Arnell,	
et	al.	(2016)
Q	10. Do	land	use	and	related	
pressures	influence	
community	trait	values?
Garnier	et	al.	(2007) Combine	data	on	species’	occurrences	or	
abundance	with	trait	data	to	obtain	average	or	
community-	weighted	mean	trait	values,	which	
can	then	be	modeled	like	the	Site-	level	
response	variables	above.
fig	1d	in	Newbold	
et	al.	(2015)
Q	11. Does	the	biotic	response	to	a	
given	pressure	vary	
regionally?
Gibson	et	al.	(2011) Add	region	as	a	fixed	effect	and	test	for	
interaction	with	other	fixed	effects.
–
Q	12. Which	characteristics	of	Sites	
(e.g.,	duration	of	human	
impact	and	rate	of	climate	
change)	mean	that	given	
land-	use	changes	have	
particularly	severe	effects	
on	biodiversity?
Balmford	(1996), 
Travis	(2003)
Merge	Site-	level	diversity	data	with	Site-	level	
data	on	characteristics	to	be	tested	and	assess	
the	interaction	of	these	variables	with	land	use.
Gray	et	al.	(2016)
Q	13. How	accurate	are	global	
land-	use	data?
Giri,	Zhu,	and	Reed	(2005) Use	Site-	level	land-	use	data	to	calculate	the	
receiver	operating	characteristic	curve	(i.e.,	
sensitivity	versus	false-	positive	rate),	using	the	
area	under	the	curve	to	quantify	agreement.	An	
extension	of	this	could	be	to	use	the	PREDICTS	
Site-	level	land	use	data	as	input	into	land	use/
land	cover	classification	procedures,	for	
example,	by	the	remote	sensing	community,	or	
at	least	use	PREDICTS	data	to	cross-	check	and	
validate	land	use	and	land	cover	maps	with	
independent	PREDICTS	data.
Hoskins	et	al.	
(2016)
Questions above the site level
Q	14. Is	beta	diversity	lower	in	
human-	dominated	than	
more	natural	land	uses?
Tylianakis	et	al.	(2005) Estimate	desired	measures	of	similarity	among	
Sites	within	studies.	Model	how	biotic	similarity	
among	Sites	depends	on	similarity	of	other	
attributes	(including	characteristics	from	
remote	sensing	or	Dynamic	Global	Ecosystem	
Models	if	required),	accounting	for	among-	
Study	differences	(e.g.,	using	mixed-	effects	
models).
Newbold,	
Hudson,	Hill,	
et	al.	(2016)
Q	15. Are	land-	sparing	or	
land-	sharing	strategies	
optimal	for	local	
biodiversity?
Green,	Cornell,	Scharlemann,	
and	Balmford	(2005)
Analyze	species	by	Sites	and	by	Study	and	relate	
back	to	Q.	1.	The	overarching	question	about	
sparing	versus	sharing	can	be	addressed	by	
looking	at	the	individual	responses	of	species	to	
land-	use	intensity,	as	measured	by	yield	
suggested	by	Green	et	al.	(2005);	this	requires	
data	on	agricultural	yields	at	relevant	Sites	in	
the	PREDICTS	database.
–
(Continues)
     |  27HUDSON et al.
measurements	to	estimate	changes	in	gamma	diversity	over	broader	
areas	(e.g.,	Azaele	et	al.,	2015);	both	approaches	offer	potential	solu-
tions	to	mismatches	in	scale.
The	PREDICTS	database	 continues	 to	 increase	 in	 size	 and	cur-
rently	 contains	 a	 further	 22	 Studies	with	 embargo	 dates	 that	 pre-
vent	their	 inclusion	in	this	release.	We	intend	to	publish	occasional	
updates	to	make	these	data	freely	available.	We	have	also	received	
a	number	of	further	offers	of	datasets	that	we	hope	to	incorporate	
into	 the	 database	 and	 include	 in	 future	 releases.	 There	 are	 three	
priority	 categories	 of	 data	 that	 we	 are	 still	 seeking	 actively:	 bees	
from	 outside	 Western	 Europe;	 soil	 invertebrates	 and	 fungi;	 and	
geographic	islands.	The	current	database	focuses	entirely	on	spatial	
“control–impact”	comparisons.	A	follow-	on	project	that	has	recently	
begun	focuses	instead	on	temporal	comparisons,	collating	data	from	
“before–after”	 and	 (especially)	 “before–after–control–impact”	 stud-
ies	of	the	effects	of	land-	use	change	on	terrestrial	assemblages.	We	
are	therefore	seeking	datasets,	linked	to	peer-	reviewed	publications,	
of	 comparable	 species-	level	 surveys	 conducted	 at	 each	 sampling	
location,	with	 temporal	changes	 in	 land	use	and/or	 land-	use	 inten-
sity.	If	corresponding	authors	of	such	papers	wish	to	offer	their	data,	
please	complete	our	online	form,	available	at	www.predicts.org.uk/
pages/contribute.html.	As	with	PREDICTS,	the	new	project	will	seek	
to	make	its	data	freely	available.
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Question Early example references Approach
Example using 
PREDICTS 
database
Other questions
Q	16. How	accurate	are	current	
extent	of	occurrence/range	
maps,	for	example,	those	
produced	by	International	
Union	for	Conservation	of	
Nature	(2016)?
– Cross-	check	existing	extents	of	occurrence	and	
ranges	with	PREDICTS	data.
–
Q	17. How	representative	are	
species	catalogues?
– Query	clade-	level	(e.g.,	The	Plant	List,	World	List	
of	Mammalian	Species,	Platnick’s	Spider	
Catalogue)	and	aggregated	(e.g.,	Encyclopedia	
of	Life	and	Catalogue	of	Life)	lists	with	the	Latin	
binomials	and	trinomials	that	were	provided	to	
PREDICTS	by	the	data	collectors.	Subquestions	
include
•	 How	does	coverage	vary	among	taxonomic	
groups?
•	 How	does	coverage	depend	on	region?
•	 Are	there	substantial	differences	among	the	
aggregated	services?
•	 How	well	are	synonyms	and	homonyms	
represented	and	resolved?
–
TABLE  1  (Continued)
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